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Article history: COVID-19 is a global health crisis that has impacted the world with heavy economic and social losses. In
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rates as well as its benign clinical outcomes. Herein, we report the case of a 6-year-old girl with COVID-
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19-associated encephalopathy without respiratory symptoms. To the best of our knowledge, this is the
first child reported from Saudi Arabia with COVID-19-induced encephalopathy. A 6-year-old patient with

Keywords: COVID-19 was presented to the Abha Maternity and Child Hospital in southeastern Saudi Arabia. Routine
COVID-19 clinical and laboratory examinations revealed normal findings. Despite the absence of COVID-19 respi-
Children ratory manifestations, the patient manifested COVID-19-related encephalopathy. The patient responded

Encephalopathy

P well to pulse steroid, favipiravir, and symptomatic seizure therapies. The patient recovered completely
Status epilepticus

without any neurologic morbidities. A COVID-19-related encephalopathy was observed for the first time
in Saudi Arabia among pediatric patients. Clinicians should be alert to potential neurologic complications
associated with COVID-19. It should be considered in the differential diagnosis of children presenting
with acute encephalopathy, even in the absence of respiratory symptoms. To avoid long-term neurologic
sequelae, prompt seizure and immunosuppressive therapies are essential.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction report the case of a 6-year-old girl with COVID-19-associated en-
cephalopathy without respiratory symptoms. To the best of our
Although the primary target of SARS-CoV-2 is the respiratory knowledge, this is the first child reported from Saudi Arabia with
system, neurologic manifestations, including encephalopathy, have COVID-19-induced encephalopathy.
been reported in some patients (Akin et al, 2021; Lin et al., 2021;
McAbee et al., 2020; Singh et al., 2022; Vraka et al., 2021). The first
case of meningoencephalitis associated with SARS-CoV-2 infection
was reported in an adult patient in March 2020, with a positive
specific SARS-CoV-2 RNA in the cerebrospinal fluid (CSF) (Poyiadji
et al., 2020). Since then, only a few case reports have described
the association of COVID-19 with encephalopathy or encephalitis
in children (Gaughan et al., 2021; Vraka et al, 2021). Herein, we

Case report

A previously healthy 6-year-old girl presented to a local hospi-
tal in the Asir region of Saudi Arabia during the current COVID-19
pandemic with frequent episodes of abnormal tonic movements of
the upper limbs for 2 days. There was no history of fever or fam-
ily history of epilepsy. The parents had a recent COVID-19 infection
and were treated as outpatients. Initial examination revealed nor-
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bia. Telephone: +966533487152 revealed a low white blood cell count (3.1 x 103/ul) and normal
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Figure 1. EEG and MRI of brain on day 4 of admission. (a) EEG showing generalized slow activities and (b) generalized slow activity superimposed with spikes involving the
right hemisphere. MRI C (axial flair), D (axial T1 weighted), E (coronal T2 weighted), F (axial T2 weighted), G (Magnetic Resonance Angiography), and H (Magnetic Resonance
Venography) show no evidence of acute infarction or intracranial hemorrhage. No space-occupying lesion. No abnormal focal parenchymal of meningeal enhancement. Normal

appearance of the circle of Willis. No evidence of dual venous sinus thrombosis.
EEG, Electroencephalography; MRI, Magnetic resonance imaging.

tein and glucose levels and an absence of white blood cell. CSF
bacterial cultures and herpes simplex virus 1 and 2 tests were neg-
ative. Complete metabolic panels were within the normal ranges.
An initial chest radiograph revealed normal findings. A real-time
reverse transcription-polymerase chain reaction test for the detec-
tion of COVID-19 was performed, and the patient was started on
intravenous ceftriaxone, vancomycin, acyclovir, and oral levetirac-
etam, with an impression of acute meningoencephalitis. There was
no improvement in seizure frequency with this regimen, and the
patient developed auditory hallucinations. The patient was then
transferred to the Abha Maternity and Child Hospital for further
management.

The patient’s vital signs were normal upon admission to the
Abha Maternity and Child Hospital. Neurologic examination re-
vealed normal tone, power, and reflexes. The patient reported fre-
quent episodes of auditory hallucinations. Immediately after ad-
mission, she developed status epilepticus and persistent hallu-
cinations and was admitted to the pediatric intensive care unit
with a diagnosis of status epilepticus and suspected COVID-19-
related encephalopathy. white blood cell, neutrophil-to-lymphocyte
ratio, C-reactive protein, and procalcitonin levels were within the
normal limits. D-dimer level was elevated to 8.09 mg/l upon
admission (reference value, <0.73 mg/l). Nasopharyngeal SARS-
CoV-2 reverse transcription-polymerase chain reaction results have
been reported to be positive. The myelin oligodendrocyte glyco-
protein antibody, anti-N-methyl-d-aspartate receptor, and voltage-
gated potassium channel antibodies were negative. Tandem mass

77

spectrometry was performed for common Saudi metabolic disor-
ders (Mohamed et al., 2020), and the results were negative. Elec-
troencephalography (EEG) revealed generalized slow activity super-
imposed with epileptic spikes in the right hemisphere (Figures 1a
and 1b).

Based on the clinical findings, EEG results, negative CSF vi-
ral panel, and bacterial cultures, the impression was COVID-19-
induced encephalopathy. The patient was treated with methylpred-
nisolone pulse therapy (30 mg/kg/day) for 3 days and favipiravir
for 7 days. Midazolam infusion with loading doses of phenytoin
and phenobarbitone was initiated according to the Saudi Arabian
clinical practice guidelines for treating children with convulsive
status epilepticus (Bashiri et al, 2017). In addition, she was given
two doses of intravenous immunoglobulin (1 g/kg for 2 days). Lev-
etiracetam was discontinued and replaced with topiramate. Val-
proate was added on the second day because of persistent convul-
sive status epilepticus. On the third day of admission, the patient
had a normal central nervous system (CNS) examination, with no
seizures or hallucinations. She was then transferred to the general
pediatric ward to complete the course of therapy. Brain magnetic
resonance imaging on the fourth day of admission revealed normal
findings (Figures 1C-H). After 7 days of hospitalization, the patient
was sent home on oral prednisolone (1 mg/kg/day), topiramate,
and valproate. After 3 weeks of hospitalization, the patient was
seen in the pediatric clinic; the seizure was well controlled, and
she had a normal examination. The systemic steroid was weaned
off for over 3 weeks, and the antiepileptics were continued.
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Discussion

Acute pediatric encephalopathy is a clinical syndrome charac-
terized by a reduced level of consciousness due to various patho-
logical disorders, such as infectious diseases, metabolic disorders,
and drugs (Thompson et al, 2012). The clinical presentations are
age-dependent, including altered consciousness, regression of de-
velopmental milestones, and personality changes (e.g., hallucina-
tions). In addition, encephalophagy can lead to seizures, ataxia, or
focal motor weakness (Davies et al., 2012; Lim et al., 2020).

Our patient had acute encephalopathy and convulsive status
epilepticus, with concurrent COVID-19 infection, even in the ab-
sence of respiratory symptoms. In addition, the patient developed
auditory hallucinations with a very disturbing level of conscious-
ness. EEG reveals slow activity superimposed with epileptic spikes.
Therefore, the patient required midazolam infusion and loading
doses of phenytoin, phenobarbitone, topiramate, and valproate to
control her seizures. In addition, the patient was administered
pulse steroids, immunoglobulins, and favipiravir. The constellation
of the clinical signs and symptoms, absence of CSF inflammatory
findings, EEG findings, and normal magnetic resonance imaging
suggested that our patient had encephalopathy.

Besides the well-known respiratory manifestations, SARS-CoV-2
infection has also been linked to neurologic complications in pa-
tients of all ages (Azizi and Azizi, 2020; Singh et al., 2022); how-
ever, the pathogenesis of COVID-19, associated with neurologic dis-
ease remains unclear (Carod-Artal, 2020). Recent research has con-
troversial results about the neurotropic properties of the SARS-
CoV-2 (Aschman et al., 2022; Lin et al., 2021). Moreover, several
theories have been suggested, including direct and indirect path-
ways induced by the virus. The direct neuroinvasive effect of the
virus could be explained by its retrograde movement to the CNS
through the olfactory or peripheral lung nerves or by hematogenic
migration through CNS endothelial cells that express angiotensin-
converting enzyme 2 receptors (Azizi and Azizi, 2020). In addi-
tion, the leakage of inflammatory mediators through the perme-
able blood-brain barrier can serve as a possible means to convey
the virus to the CNS as an indirect effect. These findings suggest
that direct brain infection may be possible given the concurrent
COVID-19 infection and absence of other systemic symptoms. Fur-
ther studies are required to confirm this hypothesis. To exclude
other causes of encephalopathy and seizures, our patient under-
went extensive workup, including infectious etiologies, metabolic
disorders, autoimmune encephalitis, and vascular anomalies, which
revealed negative results.

Several neurologic involvements have previously been reported
in patients with COVID-19 infection, including headaches, dizzi-
ness, and anosmia (Poyiadji et al, 2020). In addition, severe
life-threatening complications have been reported, such as en-
cephalopathy, encephalitis, necrotizing hemorrhagic encephalopa-
thy, epileptic seizures, and Guillain-Barré syndrome. Although most
of these severe manifestations have been reported in adult pa-
tients, few pediatric patients have such complications (Akin et al.,
2021; Gaughan et al, 2021; Vraka et al, 2021). Based on a re-
cently published meta-analysis, the authors found that in patients
with COVID-19-induced encephalopathy, age 70-79 years, low ad-
mission lymphocyte counts, and use of corticosteroid and antico-
agulants are considered poor prognostic factors (Singh et al., 2022).
On the other hand, data about the pediatric COVID-19-induced en-
cephalopathy are scarce, and most of the available data are based
on case reports and few case series (Gaughan et al.,, 2021; McAbee
et al., 2020). In COVID-19-induced encephalopathy, EEG abnormal-
ities are prevalent, with diffuse slow-wave background activity
and occasionally epileptic events being the most common results
(Vraka et al., 2021). Our patient had a slow activity, with frequent
spikes and sharp waves, mainly involving the right hemisphere. A
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review concluded that generalized slowing, focal slowing, epilep-
tiform discharges with seizures, and status epilepticus were the
most commonly reported EEG abnormalities among patients with
COVID-19 with neurologic involvement (Vellieux et al., 2020). How-
ever, further studies are needed to describe the exact phenotypical
changes, EEG changes, and biochemical characteristics of pediatric
CNS COVID-19.

The treatment team used the best available evidence for man-
aging pediatric COVID-19-induced CNS involvement. The patient
initially received broad-spectrum antibiotics and antiviral therapy,
in addition to antiepileptic therapies. After ruling out common
pathogens that could cause meningoencephalitis, steroids and in-
travenous immunoglobulin were started under close intensive care
unit monitoring. These interventions are in agreement with previ-
ously reported therapies (Gaughan et al., 2021).

In conclusion, clinicians should be alert to neurologic complica-
tions associated with COVID-19. It should be considered in the dif-
ferential diagnosis of children presenting with acute encephalopa-
thy, even in the absence of respiratory symptoms. Prompt seizures
and immunosuppressive therapies are essential to avoid long-term
neurologic sequelae.
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